Ultrasound-facilitated formalin fixation of biological specimens.
In a previous study, we showed that ultrasound can dramatically reduce the time required for tissue fixation in formalin. It generally is believed that ultrasound increases the speed of tissue fixation in two possible ways: 1) increasing the speed of penetration of fixative molecules into tissue samples and 2) increasing the speed of cross-linking reactions. We addressed here the second possible way by using protein solutions and cultured cells, which minimized the effects of the penetration factor. Proteins or cultured cells in solution were fixed with formalin with or without ultrasound irradiation. Fixed proteins and cell lysates then were separated by SDS-poly acrylamide gel electrophoresis and subjected to Western blotting to examine cross-linking formation in certain proteins. Unexpectedly, irradiation with ultrasound did not produce an observable difference in the rate of cross-linking in protein solutions. In similar experiments using cultured cells, however, we observed a significant reduction in recovery of certain proteins from cells fixed by formalin under the influence of ultrasound, which indicated that the ultrasound fixation procedure accelerated cross-linking formation within cells. Studies on protein and cell fixation without ultrasound showed that cross-linking formation was closely related to incubation temperature, which indicates that the heating function, which is inherently associated with ultrasound is another major factor in the ability of ultrasound to accelerate cross-linking.